Background: Proline-, glutamic acid-, and leucine-rich protein 1 (PELP1), a coregulator of the estrogen receptors (ERs) alpha and beta, is a potential proto-oncogene in hormone dependent gynecological malignancies. To better understand the role of PELP1 in epithelial ovarian cancer (EOC), the protein expression and prognostic significance of PELP1 was evaluated together with ERalpha and ERbeta in EOC tissues. Methods: The expression of PELP1, ERalpha, and ERbeta was characterized in tumor tissues of 63 EOC patients. The prognostic value was calculated performing log-rank tests and multivariate Cox-Regression analysis. In a second step, validation analysis in an independent set of 86 serous EOC patients was performed. Results: Nuclear PELP1 expression was present in 76.2% of the samples. Prevalence of PELP1 expression in mucinous tumors was significantly lower (37.5%) compared to serous (85.7%) and endometrioid tumors (86.7%). A significant association between PELP1 expression and nuclear ERbeta staining was found (p=0.01). Positive PELP1 expression was associated with better disease-free survival (DFS) (p=0.004) and overall survival (OS) (p=0.04). The combined expression of ERbeta+/PELP1+ revealed an independent association with better DFS 
Background
Despite increasing knowledge in the etiology and treatment of epithelial ovarian cancer (EOC), ovarian cancer still accounts for more death women than any other gynecological malignancy [1] . As ovarian cancer is an endocrine-related cancer, the role of estrogen in the complex network of ovarian cancer pathogenesis, as well as the role of estrogen receptors (ERs) as prognostic markers, are being intensively discussed [2, 3] .
In ovarian cancer cells, estrogen is biologically active by binding to the nuclear receptors (NRs) ERalpha and ERbeta. NR signaling leads to a translocation of the ER to the nucleus, followed by a binding to the target gene promoters and consequently to a specific gene transcription [4] . Inhibition or enhancement of transcription is achieved with the help of ligand-regulated coactivators and corepressors, stabilizing and enhancing or repressing transcription [5] . Deregulation of such NR-coactivators -or coregulators -in ovarian cancer cells is likely to interact with proliferation and survival of cancer cells. The increasing interest in coregulators as mediators of NR function has revealed proline-, glutamic acid-, and leucine-rich protein 1 (PELP) 1, also named "modulator of nongenomic actions of estrogen receptor" (MNAR), as mediator of not only genomic but also non-genomic actions of ERs and as potential proto-oncogene in hormonal cancers [6] .
PELP1 interacts with various NRs, including ERs, androgen receptors, glucocorticoid receptors and progesterone receptors [7] . In cancer cells, PELP1 seems to effect ER-mediated gene expression, subsequently influencing cell proliferation and differentiation [8] . In endometrial cancer, PELP1 functionally interacts with both, ERalpha and ERbeta, and enhances their transcriptional response [9] . Furthermore, PELP1 has been associated with increased cell motility and invasion in cancer cells [10] . Elevated PELP1 expression has also been associated with poor outcome in ER positive/luminal-like breast cancer tissue [11] .
In ovarian cancer cell line models and in nude mouse models elevated PELP1 expression leads to increased cell migration, metastasis and tumor progression [12] . In human ovarian cancer tissue, only one study has focused on the role of PELP1 protein expression [13] . PELP1 has been described to be overexpressed in 60% of ovarian cancers and to be deregulated in several subtypes of ovarian tumors [13] . It has been proposed, that during ovarian cancer progression, modification of PELP1 expression might occur. According to these findings, the prognostic relevance of PELP1 in ovarian cancer needs to be further elucidated. Additionally, the prognostic importance of ERalpha and ERbeta in ovarian cancer is still discussed controversially, despite their importance in breast and endometrial cancer [14] [15] [16] [17] [18] .
The major aim of this study was to further define the role of PELP1 in human ovarian cancer and to evaluate the prognostic role of PELP1, ERalpha and ERbeta in EOC patients receiving platinum/taxanebased chemotherapy.
Methods

Study population
Paraffin embedded ovarian tumor tissue from primary surgery was used from 63 patients with EOC FIGO stage I-IV, receiving cytoreductive surgery at the Department of General Gynaecology and Gynaecological Oncology, Medical University of Vienna, Austria, between 1996 and 2001. In a second step, a validation set was used comprising 86 EOC patients of only serous histology, receiving cytoreductive surgery at the Medical University of Vienna, Austria, between 2004 and 2010. An informed consent according to the criteria of the Medical University of Vienna was obtained from all patients. Approval for this study was obtained by the institutional review board of the Medical University of Vienna (IRB-no.:266/2010). Patients were treated according to standards of the present institution with upfront surgery and adjuvant platinumbased chemotherapy. Surgical staging according to FIGO guidelines was performed, including hysterectomy, bilateral salpingo-oophorectomy, pelvic and/or paraaortic lymphadenectomy, appendectomy, omentectomy and cytoreductive procedure in order to resect all gross tumor. All patients with tumor stages FIGO Ic to III and all patients with clear cell carcinoma received a platinum-based chemotherapy. Patients wishing to preserve fertility and tumor stage FIGO Ia were treated with conservative surgery (unilateral salpingo-oophorectomy) and full surgical staging including washings, omentectomy, appendectomy, node biopsies and a thorough abdominal exploration with biopsies of all suspicious areas. Residual tumor load was defined as negative, if macroscopically absent. Posttherapeutically all patients were followed up four times annually, including pelvic examination, abdominal ultrasound examination, and serum tumor marker evaluation. Overall survival was the time interval between diagnosis and death. Overall observation time was the time interval between diagnosis and last contact, defined as death from the disease or last follow-up. Recurrent disease was defined as at least a twofold increase in the nadir serum CA-125 level after first-line chemotherapy or radiological diagnosis. Patients without recurrence, cancer progression or death were censored at the time of last follow-up. Experienced gynecological oncologists and an experienced pathologist performed the clinical and histopathological evaluation and the evaluation of response to first-line treatment.
Ovarian tissue microarray and Immunohistochemistry
Paraffin embedded tissue-blocks were processed using standardized procedures. Tissue microarrays (TMAs) was assembled by taking three core needle 'biopsies' from defined tumor regions in the preexisting paraffin-embedded tissue blocks, using techniques and an apparatus developed by Beecher Instruments Inc., Micro-Array Technology (Sun Prairie, WI, USA). Separate TMAs were constructed for the test and validation set. Immunohistochemistry (IHC) procedures were performed at room temperature. Samples were deparaffinized, rehydrated and treated with 3% H2O2 for 10 minutes to quench endogenous peroxidase. For ERbeta antigen heat retrieval was performed using heatinduced epitope retrieval in DakoCytomation Target Retrieval Solution (No. S1700, DAKO, Denmark), and for ERalpha and PELP1 heat-induced epitope retrieval was performed using citrate buffer (Citra-BioGenex No. HK 087-5K). The sections were incubated at 4°C overnight with primary antibodies (ERalpha, 1:50, clone 1D5, mouse IgG1, Dako, Denmark; ERbeta1, 1:20, clone PPG5/10, mouse IgG2a, Dako, Denmark; PELP1, 1:500, polyclonal rabbit, No. IHC-00013, Bethyl Laboratories, USA). As positive controls, FFPE sections of ER positive human breast adenocarcinoma were used. Negative control mouse and rabbit isotypes were used as negative controls. Slides were incubated for 25 minutes with a biotinylated secondary antibody (Link, No. K0673, Dako, Denmark), followed by incubation with Streptavidin Peroxidase-HRP (25 Minutes, No. K 0673, Dako, Denmark). The slides were stained with diamino-benzidine (DAB Chromogen 1:50 in DAB Substrate Buffer, K0673, Dako, Denmark) for 2 minutes. For counterstaining the slides were dipped into hematoxylin for 25 seconds. Intra-nuclear distribution of PELP1 was determined by immunofluorescence staining. The fluorescence labeled secondary antibody, goat anti-rabbit (1:5000; Invitrogen, AlexaFluor W 488 fragment of goat antirabbit IgG (H+L)) was used besides DAPI for nuclear counterstaining.
Data analysis and Statistics
The intensity patterns and nuclear positivity of staining were analyzed by two independent co-workers, including a gynecological pathologist (RH), applying a semi-quantitative scale of ImmunoReactive Score (IRS) calculated by multiplication of the number of positively labeled cells (4 percentage groups) with the intensity of the staining reaction (3 grades) [19] . The intensity of reaction was scored as negative (intensity IRS 0-2, no reaction, and IRS 3-4 showing a very weak reaction of staining with <10% positive cells) or positive (IRS 6-8 with a moderate reaction and 10 to 50% positive cells; IRS 9-12 with a strong reaction and 51% to 80% positive cells). Statistical analyses were performed using SPSS software version 19 (IBM Corporation, Armonk, New York, United States). P-values <0.05 were considered statistically significant. Associations between ERalpha-expression, ERbeta-expression, PELP1-expression, and clinicopathological parameters were calculated using Pearson's χ 2 or Fisher's exact tests as appropriate. Impact of the potential new prognostic factors on disease-free survival (DFS) and overall survival (OS) was determined by univariate and multiple Cox proportionalHazards model analyses, whereby in the test set, only the patients receiving chemotherapy according to standardized protocols were included in these analyses (n=50). In the validation set, only patients receiving chemotherapy were included. Survival analyses were performed for all three parameters and the combination pattern ERbeta+/PELP1+ versus ERbeta+/Pelp1-, ERbeta-/PELP1+ and ERbeta-/Pelp1-tumors as well as for the combination pattern ERalpha+/PELP1+ versus ERalpha+/Pelp1-, ERalpha-/PELP1+ and ERalpha-/Pelp1-tumors.
Results
Study population
The characteristics of the patients included in the study show a typical heterogeneous ovarian cancer population and are depicted in Table 1 . Mean age of the EOC patients at time of cytoreductive surgery was 58.3 years (±13.9years). The mean observation period was 57.8 months. Within the observation period, 36 patients died (57.1%) and 36 patients (57.1%) experienced tumor recurrence. 50 patients (79.4%) received carboplatin-paclitaxel based standard chemotherapy. Out of these 50 patients, 46 women (73.0%) showed initial response to chemotherapy and a total of 34 women died (68.0%). The characteristics of the validation set are likewise presented in Table 1 . In this validation set the mean observation time was 51.3 months and a total of 45 (52.3%) patients died.
Distribution of PELP1 expression
Of the 63 cancer tissues, 48 (76.2%) of patients were found to express nuclear staining of PELP1. Out of the 48 patients classified as PELP1 positive, a moderate PELP1 expression was found in 24 (38.1%) tissues and a strong expression was observed in 23 (36.5%) of the samples. Representative immunohistochemical examples of PELP1 positive and negative stainings in ovarian cancer tissue are shown in Figure 1A -D. Using immunofluorescence, intra-nuclear distribution of PELP1 was analyzed. As depicted in Figure 2 , an intensive PELP1 staining within the nucleoli of the tumor cells can be observed. Further examination of histological subtypes revealed expression of PELP1 in all included subtypes of ovarian cancer. All undifferentiated carcinomas were PELP1 positive, as was the majority of serous and endometrioid tumors (85.7% and 86.7%, respectively), whereas the majority of mucinous tumors (62.5%) showed no nuclear PELP1 expression (p=0.02, Fisher's exact). No significant difference of PELP1 expression regarding age (<55 years vs > 55 years), FIGO stage, grade or residual tumor load after cytoreductive surgery could be observed. Figure 1 Representative immunohistochemical examples of PELP1 staining. In (A) PELP1 positive low differentiated epithelial ovarian cancer, (B) PELP1 positive high differentiated epithelial ovarian cancer, (C) mucinous ovarian cancer with nearly complete absence of nuclear PELP1 staining and (D) PELP1 negative low differentiated epithelial ovarian cancer is shown. Pictures were taken using TissueFAXS (TissueGnostics; Vienna, Austria; magnification x200).
Distribution of ERalpha and ERbeta expression
Figure 2
Intra-nuclear distribution of PELP1 in a serous EOC sample. An intense PELP1 staining (green) can be observed within the nucleolar compartments (white arrows). DAPI (blue) was used for nuclear counterstaining (Pictures were taken with the confocal microscope LSM700).
(18.8%) and undifferentiated carcinomas (28.6%). No ERalpha expression was seen in the clear cell carcinomas and the mucinous ovarian carcinomas. Regarding age (≤ 55 years vs > 55 years), FIGO-stage, grade or residual tumor load after debulking surgery, no significant differences were found among ERalpha and/or ERbeta expressing tumors (data not shown).
Coexpression of PELP1 and ERs
In a next step, we analyzed the coexpression of PELP1 together with ERalpha and ERbeta. A significant association between PELP1 expression and nuclear ERbeta staining was found (p=0.01, Fisher's exact), whereas no significant association between PELP1 and nuclear ERalpha staining was observed (p=0.3, Fisher's exact). Expression of PELP1 and both ERs was observed in 10 patients (15.8%). To provide more profound and histotype specific survival data we have additionally performed a validation analysis in a validation set of 86 EOC with only serous histology. In univariate and multivariate analysis, ERbeta+/PELP1+ expression had no significant influence on survival in this validation set of only serous histology. Survival data is presented in Table 2B .
Survival analyses
Discussion
In this study, coexpression of PELP1 and ERbeta was associated with a better prognosis in patients with EOC. We primarily investigated the expression of PELP1, ERalpha and ERbeta in 63 human EOC tissues. Nuclear PELP1 expression was present in 76.2% and was found in all histological subtypes. To our knowledge, only one study has previously reported on PELP1 expression in human EOC tissue [13] , whereby no differences could be observed between the four major types of EOC. Vadlamudi et al. speculated that PELP1modulates rDNA transcription and accelerates cell cycle progression. Using immunofluorescence staining of MCF7 and HeLa cells, they discovered that PELP1 localizes in the nucleolar compartments [6] . Thus we decided to perform immunofluorescence to investigate intranuclear expression of PELP1 in EOC. Our results show, that in serous EOC, an intense nucleolar expression of PELP1 can be observed. Further studies are required to determine PELP1 expression during cell-cycle progression in EOC.
In our study-population, the majority of serous and endometrioid tumor tissues were PELP1 positive, whereas we observed a significantly reduced number of PELP1 expressing mucinous tumors (37.5%). Additionally, none of the mucinous tumors expressed ERalpha. Primary mucinous tumors are comparatively rare and they were cautiously classified in this study [20] . Molecular changes in mucinous tumors have not been studied to the same extend as in serous and endometrioid tumors [21] , highlighting the importance to further characterize this histological subtype. Matching our results, a previous study has reported mucinous EOC to be ERalpha negative [22] . Additionally, a significantly higher ER expression was observed in serous (43% positive) versus mucinous (4% positive) EOCs in a large study, including over 700 ovarian cancer patients [14] . Our results show, that mucinous tumors remained ERbeta positive, which is also in accordance with the findings by Lindgren et al. [22] .
Our findings reflect relatively low frequencies of ERalpha expression versus ERbeta expression, with 20.6% versus 71.4%, respectively. This is in accordance with a previous immunohistochemical evaluation in EOC, describing a higher ERbeta than ERalpha expression [15] . Interacting proteins have been described for PELP1 and both nuclear hormone receptors [8] . In our study, a similar expression pattern was observed between ERbeta and PELP1, as proven by a significant correlation. This may indicate a functional interaction especially between ERbeta and PELP1 in EOC. In ER transactivation assays, PELP1 seems to potentiate ERbeta mediated transcriptional activity in endometrial cells [9] . To determine the impact of PELP1 on ER transcriptional activity, additional in vitro studies with ovarian cancer cells need to be set up.
The prognostic impact of ER expression on patients' survival has been discussed in literature over years but still remains controversial. ER expression was described as a favorable marker in a variety of studies [14, 15, 23] . However, reports on ER as not significantly influencing patients' survival [17, 24] have likewise been published. To determine the association between ER and survival, coregulators interacting with these NRs and often deregulated in hormone-interacting tumors [25] should likewise be taken into account. Our analysis revealed that women with positive PELP1 expression had a better OS and DFS compared to patients without PELP1 expression. We know that the patient number of our test set is a limitation for survival analysis, but in view of the low patient number, the positive impact we could observe for PELP1 in univariate survival analysis is even more interesting. As we have observed a correlation between PELP1 and ERbeta expression, we additionally analyzed the coexpression of ERbeta and PELP1 regarding survival. Besides the clinicopathological factors FIGO stage and residual tumor load after cytoreductive surgery, this coexpression pattern (ERbeta+/PELP1+) turned out to be the most relevant prognostic factor in univariate and multivariate survival analysis, revealing a significantly longer DFS (HR 0. Due to these positive findings we validated the survival data in a validation set. The validation was performed in an independent more homogenous set of 86 EOC patients with only serous histology. Unfortunately we could not reproduce our findings regarding the protective effect of the coexpression of ERbeta and PELP1. Both results are of relevance as little is known about the role of PELP1 in EOC. PELP1 is being discussed as a potentially targetable protooncogene in ER positive breast cancer [26] , associated with rapid tumor growth in xenograft models and high grade as well as node-positivity in human breast cancer [27] . PELP1 seems to be of importance in breast cancer, due to an involvement in hormone therapy response and resistance [25] . In EOC, hormone therapy has been studied in a limited number of trials, including mainly patients with recurrent or refractory ovarian cancer. To understand not only the prognostic, but also the therapeutic role of ERs in EOC, further studies on coregulators and the mechanisms through which hormones interact with EOC need to be designed.
The findings of our test set remain of importance as Grivas et al. have described PELP1 overexpression in epithelial colorectal cancer cells to be associated with increased OS. Comparable to our results, a correlation between ERbeta and PELP1 was observed, and PELP1 was a positive prognostic marker in the subset of ERbeta positive carcinomas [28] .
Conclusion
Potential prognostic markers for women diagnosed with ovarian cancer are urgently needed. In conclusion, our results show that PELP1 expression, alone and in combination with ERbeta, may be an interesting research target in this cancer entity.
